In this Paper, we have proposed a new weighted residual method known as orthogonal collocation-based on mixed interpolation (OCMI). Mixed interpolation uses the classical polynomial approximation with two correction terms given in the form of sine and cosine function. By these correction terms, we can control the error in the solution. We have applied this approach to a non-linear boundary value problem (BVP) in ODE which governs the elec- 
which are significantly small. Comparison of residual errors between our proposed method, Least square method and Homotopy analysis method is also given and shown via the 
Introduction
The electrohydrodynamic flow (EHD flow) of a fluid in a "ion drag" configuration 
where ( ) w r is the fluid velocity, r is the radial distance from the center of the cylindrical conduit, a H is the Hartmann electric number and the parameter α measures the strength of the non-linearity. It has been noted that the nonlinearity occurred in this problem is in the form of a rational function and thus, creates a significant challenge in regard to obtain analytical solutions.
Though, some analytic solutions are introduced by several researchers which are mentioned here. In 1997, Mckee et al. [1] developed regular perturbation solutions of EHD flow Equations ( (1), (2) Paullet [2] claimed an error in the perturbation solution and numerical solution given in [1] for the large value of α. This is obvious from the fact that for the large α, the solutions are of 
In 2011, Pandey et al. [4] settle this differentiation and they showed that the solution profile for the large value of α is in good agreement with those of Paullet [2] . They solve EHD flow Equations ((1), (2)) using two semi-analytical algorithms based on optimal homotopy asymptotic method (OHAM) and optimal homotopy analysis method. They showed that HAM solutions are quite accurate especially for lower values of the parameters α and 2 a H , but the accuracy decreases rather fast for higher values of these parameters. They found that for the large value of α, solution profile given by Paullet was correct and the solution profiles given in Mckee's paper was quite different with those given in [4] . Khan et al. [5] introduced new homotopy perturbation method to solve EHD flow equation. Recently, Ghasemi et al. [6] introduced Least square method (LSM) to find the approximated solution of EHD flow equation.
The aim of the present article is to introduce a new weighted residual method based on collocation and mixed interpolation. There are several known weighted residual methods like collocation, Galerkin, Least square method etc. There are several important research contributions to the development of numerical techniques for solving ODE and PDE by different method based on the weighted residual method [7] .
Collocation method is widely used to solve various problems in science and engineering. Its usefulness is due to its simplicity and easy computations.
Collocation method has found as one of the important methods to solve various integral and differential equations in science and engineering [8] . Some other developments in the area of collocation methods are given in [9] [10] [11] . In orthogonal collocation, zeros of some orthogonal polynomial are used as collocation (grid) points. Several important contributions in the field of development of orthogonal collocation are done by Carey and Finlayson [12] , Journal of Applied Mathematics and Physics Bhatia [13] , and Arora et al. [14] . In 1971, Peterson and Cresswell [15] was first who introduced orthogonal collocation in finite elements (OCFE) and his work were further extended by Carey and Finlayson (1975) [12] . Recently, Vaferi et al. [16] solved the diffusivity equation (arising in petroleum engineering) using orthogonal collocation method.
The idea of mixed interpolation was introduced by Mayer et al. (1990) [17] [18]. They replaced the existing Lagrange interpolation by mixed interpolation to find the numerical value of 
Orthogonal Collocation Method Using Mixed Interpolation Method
In this section, we propose a new type of weighted residual method called 
Collocation Points
The important step in collocation technique is the choice of collocation points. It is the most important part of collocation technique as the wrong choice of collocation points may lead to divergent results. Preferably the zeros of the orthogonal polynomial are used as collocation points to keep the error minimum.
Jacobi polynomial of degree n, denoted as ( )( ) 
Description of the Method
Suppose a diffrential operator A is acted on a function u to produce a function f. i.e.
( ) ( ) ( ).
It is considered that u is approximated by a function N u , which is a linear combination of basic functions chosen from a linearly dependent set. That is, 
So, we get a set of ( )
Solving Equation (5) with the combination of Equation (4) 
When an approximate solution (5) is substituted into the differential Equation (4), the result of the operations generally not equal to ( ) f x . Hence, an error or residual will exist which is denoted and defined by ( ) ( ) (
, cos sin 0.
Here, the residual ( ) Combining (7) and (8), we have the residual error as:
To find the i u from (8), we set ( ) ( ) 
Error Estimate
In this section, we consider the convergence analysis and error bound of the Journal of Applied Mathematics and Physics orthogonal collocation method introduced in section 2 to compute the approximate solution of the EHD flow equation (Equations ((1), (2))).
We denote, ( ) ( ) ( ). 
Proof. Result is straightforward and proof is followed by use of theorem (3.1). 
Theorem (3.3). ([10]
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Using theorem (3.3) and Equation (12) ( ) ( ) ( )
Again, 
Numerical Experiment
Consider the EHD flow equation (Equations ( (1), (2))). Using (5) the approximate 
such that
So, by Equation (7), 
In light of (9) and (10) Table 1 . Maximum residual error. Table 3 . Comparison of residual errors using LSM, HAM and OCMI (our method). Figure 3 . Also, the maximum residual error is tabulated in Table 1 & Table 2 for varying value of α and 2 a H . From the Table   1 & Table 2 , it is obvious that errors are significantly small which shows the effectiveness of the method.
.Result and Discussion
The main aim of the discussion is to recognize the effects of Hartmann number 2 a H and nonlinearity parameter α on conduit velocity profiles. In this paper, the solution profiles for both large and small values of α are considered. For 1 α  , the solution profiles obtained by our proposed method are similar to Mckee et al. [1] , Paullet [2] , Ghasemi et al. [6] . As in [2] , author claimed that solutions (for H are tabulated in Table 1 & Table 2 . [6] . Journal of Applied Mathematics and Physics For small values of α, conduit velocity shows rhythmic behavior but for large values of α, its behavior is adversed which is shown in Figure 3 . For [6] . The truncation error is bounded and its L 2 -norm has computed and given in section 3. In this approach Journal of Applied Mathematics and Physics of mixed interpolation we have used a fixed value of parameter 1.5 k = in correction terms. The computation of optimum value of correction parameter k can be taken as future development in this direction.
